Aim: To develop in vitro propagation protocol of a rare, vulnerable and endangered important medicinal plant Operculina turpethum (L.) Silva Manso (Trivrit) through organogenesis.
INTRODUCTION
Operculina turpethum (L.) Silva Manso is a perennial twining herb belongs to family Convolvulaceae. It is an important Ayurvedic medicinal plant used in Indian systems of medicines. It is commonly known as Indian Jalap or Turpeth. In Ayurveda, it is popularly known as Trivrit, Nishottar, Tribhandi, Saral, Rechani. About 135 Ayurvedic formulations and preparations are being prepared by using root as the main ingredient. The most popular are Trivritadichurna, Trivritadigutika, Trivritadikvath, Trivritadighrita, Avipattikar churna, Punarnavamandura, Chandraprabhavati, Yogarajaguggulu and Ashwagandharishta. 1, 2 As per Ayurvedic concept, the root is madhura (sweet), ushna (hot), katu (pungent), tikta (bitter) and having laghu (light), tikshna (sharp) and ruksha (dry) properties. 3 It exhibits anti-inflammatory, stimulant, anticancer, hepatoprotective, antioxidant, cardioprotective, thermogenic, anticancer, antidiabetic, carminative, anthelmintic, expectorant, antipyretic, purgative and hydragogue activities. 1, 2, 4, 5 Roots are used in constipation, paralysis, bronchitis, obesity, helminthiasis, leucoderma, ulcers, hemorrhoids, tumors, jaundice and ophthalmia. 1,2 It also reported that root bark, stem, and leaves exhibit medicinal properties. Trivrit root is one of the important ingredients in Avipattikar churna which is largely used in the treatment of constipation, skin disorders, and acid peptic disorders. 2 It is also an important ingredient of Unani medicine viz. Habbe-e-Ayarij, Habbe-e-Suranjan, Majoon anjeer.
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The root contains turpethin which is responsible for the purgative action. The active compound oleandrin isolated from leaf possesses anti-inflammatory properties. 5, 6 Trivrit is reported as rare and vulnerable in India 7, 8 and endangered in Bangladesh 9 because of over-exploitation. In vitro propagation technique has the potential to provide very high multiplication rate for the conservation of rare, endangered and vulnerable medicinal plants. Therefore, efforts have been made to develop an efficient in vitro propagation protocol to multiply the rare and ORIGINAL ARTICLE endangered medicinal plant of Ayurvedic importance. The achievements are presented in this study.
MATERIALS AND METHODS

Plant Material and Source of Explants
Seeds were collected from the plants growing in the garden of Regional Ayurveda Institute for Fundamental Research, Pune.
Identification and Authentication of Plant
The plant was identified by Botanist of the Institute and authenticated with the help of flora of Maharashtra. 10 Herbarium specimens were prepared 11 and deposited in the herbarium section of the Institute with the voucher specimen number 4222.
Explants Source and Preparation of Explants
Mature seeds were collected from the plants growing in the Institutes garden. Seeds were pretreated with Conc. H 2 SO 4 for 25 to 30 minutes and thoroughly washed thrice with distilled water to remove acid traces. Treated seeds were surface sterilized with 0.1% Mercuric chloride solution (HiMedia) and inoculated on MS plain medium. Seed germination observed within ten days of inoculation. Cotyledon, apical bud and nodal segments of in vitro grown plantlets were used as explants. These explants were inoculated on MS medium supplemented with BAP, AS, and Kn singly in different concentrations.
In vitro grown shoots were subjected on 1/2 MS, MS plain, White's medium and MS fortified with IAA (1 to 4 mg/L), IBA (1 to 4 mg/L) and NAA (1 to 4 mg/L) for root induction.
Media Preparation and Inoculation
Murashige and Skoog (MS) medium was prepared by adding 3% sucrose and 0.8% agar (w/v) (HiMedia, India) and pH maintained at 5.8 to 5.9. MS medium augmented with different concentrations of phytohormones viz., BAP, Kn, AS, NAA, IBA, and IAA; sterilized at 121 o C at 15 lbs/ inch 2 pressure for 20 minutes. 12 Treated seeds and in vitro grown node, cotyledon, and an apical bud were inoculated on MS plain alone or in combination with different concentrations of BAP, Kn, AS, NAA, IBA and IAA.
Culture Conditions
All cultures were kept under a light intensity of 3000 lux for 8-hour photoperiod at 22 o C + 2 o C. Observations on cultures were recorded at an interval of 15 to 25 days. Experiments were conducted thrice with 16 replicates.
Hardening Trials
Rooted shoots were transferred in the plastic glass containing sterile soil: sand (1:1) proportion. Plantlets were provided with 15 mL half MS medium twice a week up to 60 to 90 days. The plastic glass was covered with transparent plastic bags; punched at few points for gaseous exchange. These plants were shifted in the nursery conditions and kept there for three weeks and then planted in the field. Initially, plants were covered with thatch to avoid direct sunlight.
RESULTS
Nodal segments, apical buds, and cotyledon were used as explants from the in vitro grown plantlets from in vitro germinated seeds ( Figs 1A and B) . Nodal explants were implanted on MS medium and MS enriched with different concentrations of phytohormones such as BAP (1 to The response of AS on nodal segments was assessed, where the formation of the shoot was recorded. Nodal explants placed on MS supplemented with AS not responded for root induction. Maximum 7.91 + 0.16 Table 4 .
Effect of BAP, AS and Kn on cotyledon explants was assessed by placing cotyledon on MS plain, and MS forti- Table 5 .
Rooting
In vitro grown shoots were transferred on root induction medium which includes half MS, MS, Whites medium and MS enriched with NAA (1 to 4 mg/L), IBA (1 to 4 mg/L) and IAA (1 to 4 mg/L). Root formation was not a constraint to the in vitro grown shoots. Almost all media and rooting hormones responded positively towards root formation within a week. One hundred percent root developed in all combination tried. Formation of maximum 7 to 8 numbers of robust, long roots observed in IBA (1 to 4 mg/L) within 3 to 5 days. Whereas, induction of 3 to 5 numbers of root observed within 3 to 5 days in IAA and NAA (1 to 4 mg/L). Early and best root induction recorded in IBA (3 mg/L). Details of observations are given in Table 6 (Figs 1F and G).
Hardening
Rooted plantlets were transferred in plastic pots containing sterile soil and sand in 1:1 proportion. Pots were covered with transparent polythene bags and kept in hardening room at ambient temperature. After 60-90 days, these plants were shifted in to nursery conditions and planted in the open field. Seventy five to 80% plants were survived and attended the maturity (Fig. 1H) .
DISCUSSION
Because of the lack of systematic in vivo propagation and cultivation practices on medicinal plants; it is now an urgent need to develop in vitro protocols on important, rare and endangered plants. However, many workers had made efforts to develop an in vitro protocols by using 
